Abstract. In the article, the authors discuss the preliminary information necessary to determine the scope and direction of further research conducted within the project called "The influence of time and operating conditions on the durability and functionality of road safety elements". The main objective of the project is to develop the concept of a method for optimizing the life cycle costs of road safety devices. The authors draw attention to the close connection between the decisions taken at the design stage and expenses incurred in the course of maintenance and the use of road safety devices, present the specificity of road infrastructure in terms of life cycle costs, discuss the components of the costs and give examples of the LCC analysis applied to the concrete barrier.
Introduction
One of the key priorities of the EU's Europe 2020 strategy is sustainable development involving support for a resource-efficient, environmentally friendly and competitive economy. Many EU documents promoting sustainable development quote the Life Cycle Cost estimation as a basis for decision-making (LCC) [1] . It involves calculating the total cost of the product, item, facility and service, generated in the period from the acquisition of raw materials to waste management, taking into account the phases of design, installation, operation, maintenance, recycling or disposal [2] .
In the course of the research, identification and analysis will be conducted of major factors generating significant costs, which may be significantly reduced (at the stage of operation and maintenance). The work will outline the relationship between selected factors (e.g. kind of safety barrier, type of road, speed limits, type of collision, traffic, weather conditions, time of year), the scope of the damage and the number of repairs of road safety equipment and the cost of repair, renovations or replacement. Depending on the scope of the input data (e.g. in the form of historical data) in the LCC analysis, account will be taken of the average cost and time to repair and replace the road safety equipment including the impact of various factors (type of barrier, road type, type and scope of collision, frequency and extent of damage, the scope of conducted repair and replacement) as well as road users and social and economic cost.
The specificity of road infrastructure and road safety devices
Factors that have a decisive impact on the life cycle cost of road safety devices include: the type and nature of their work, traffic, weather conditions (climatic factors), the location and level of functionality. The fundamental problems associated with the operation of road safety devices which also have an impact on their life cycle cost include [3,4]: -lack of qualifications and expertise of the contractors -regarding the specifics of road safety devices which results in errors in the installation, repair, reconstruction, -failure to include in tendering procedures the need for uniform and compatible solutions (types) of devices on the adjacent road sections, -difficulties with effective enforcement of the warranty of contract performance from the companies managing the specific road section, -companies responsible for maintaining the road section lack detailed knowledge on the conditions of operation, maintenance, repair, restoration of road safety devices, -no possibility of a quick exchange of a barrier for another of the same type, as a result other spare parts are used (i.e. from other manufacturers) which increases the probability of the barrier losing its functional parameters. The main expenditure of the life cycle and road infrastructure costs are borne by road managers. This is related to maintenance and operation (often estimated over a specific period of, e.g. 25 years).
In order to determine the optimal life cycle cost of road infrastructure, costs should be estimated which are incurred by the individual user (e.g. disruption caused by maintenance works, removal of consequences of road collisions and accidents), social losses (e.g. the deterioration of the health and quality of life of local residents) or the impact on the environment (air pollution and noise) [5] .
Many road managers in the world in order to increase the efficiency of the expenditure and reduce the costs of maintenance and use of roads and infrastructure and to maximize socio-economic benefits, have developed their own models of LCC analysis. There are different types of models -from simple models taking into account only the cost of supplies, to more complex involving social costs. One of the methods for assessing the design of road construction by using analysis of the annual cost is given in [6] . The publication highlights the difficulties associated with determining the costs of management of road infrastructure and the lack of knowledge of the designers on the scope of maintenance.
In 4 The components of the life cycle costs of road safety devices Device manufacturers use LCC road safety analysis in order to optimize the cost of the life cycle, taking into account safety, degree of functional failure, frequency of maintenance, etc. In practice, however, in many cases the costs incurred in the full life cycle of the device are omitted, and investment decisions are made based on short-term criteria. This causes the negative consequences of financial but also environmental nature (the need for early disposal of waste). Due to the fact that the resilience of some road safety equipment dates back 15-25-30 years, and the costs associated with their operation and maintenance far outweigh the initial outlay, the criterion of the lowest price should not be the sole determinant in making an investment decision. The costs generated in subsequent stages of the life cycle of the road safety device include: -the concept and definition (includes the cost of market research, analysis, concept, defining the requirements for the product), -the design and development (includes the cost of the documentation design, prototype production, software, quality management), -production (includes manufacturing costs, delivery to the market -loading, transport), -installation -assembly, -the use and handling (includes the cost of repairs, maintenance, spare parts, technical support, incurred over a given time of the device's operation), -decommissioning (includes the cost of dismantling, recycling or disposal).
The total costs incurred in the life cycle of a road safety device can also be divided into [8] the cost of acquisition and ownership. The acquisition costs primarily include costs of investment -the purchase of equipment (i.e. the design and manufacturing) and its installation [9] . Ownership costs include operating costs, maintenance, scheduled maintenance, troubleshooting, but also the environmental, social and decommissioning costs. Typically, the cost of ownership outweigh the costs of acquisition.
In relation to the total cost incurred during the life cycle of road safety devices, another possible division is into [8] : user and manager costs. The costs incurred by managers include fees associated with the maintenance and use of road safety equipment: repair, replacement, maintenance of individual items, interventions. In practice, a big problem is determining the value of a random occurrence of events (accidents, collisions) and frequent lack of information about the events. User costs (also included in the cost of ownership) will be borne by an individual or group of road users and include losses resulting from the occurrence of road incidents. These include the costs of incidents, accidents, injuries and fatalities, but also the cost of wasted time of road users, repair of motor vehicles and environment protection [8,10,11].
The essential factors to be taken into account when determining the costs of maintenance and use of road safety equipment include [8,10,11]: the device type, period (winter, summer) in which damage/destruction of barrier occur, road conditions, location of the barrier, road type, current speed limit on the road, the distance between the barriers and the edge of the lane, number of lanes on the road. The amount of the costs associated with the repair also determines the scope of repair, the extent of the damage caused by the impact of the vehicle and the amount of granted compensation.
The procedure for conducting the LCC analysis
The process of LCC analysis can be divided into several key stages. An important element of estimating the life cycle costs of road safety devices is to define the actions that have an impact on the reduction or increase in costs and to establish the correlation between them. An important aspect of the analysis are cost data collected from road managers and those responsible for maintenance of road (when such information is collected). A significant element of the LCC analysis is also relevant to the lifetime of the road safety device (15-25-30 years) and the amount of the discount rate. Formulated in this way, input data can be processed using a specific calculation model. The authors present a sample calculation cost of concrete barriers life-cycle. Calculations performed by estimating the cost by analogy using data and information are contained in [12] . In order to perform an LCC analysis assumptions are taken as shown in Table 1 . The assumed discount rate 5%
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Adopted lifetime 15 years
The total LCC life cycle cost
PLN
This LCC analysis indicates that the cost of operation and maintenance of concrete barriers within the given period and adopted output data is more than 14 times higher than the initial effort.
Restrictions on the LCC application
LCC analysis provides a new approach more widely used, for example, in the process of designing and making an investment decision on the choice of road safety devices with certain characteristics. In practice, however, there are difficulties and constraints characteristic of many techniques and utility costs. The most important ones are presented by the authors later in the article. 1. The LCC analysis method is not rigorous, as a result it can generate different results. This is due to the fact that the costs included in the analysis are only approximate (especially those assigned to the phase of the operation, maintenance and decommissioning). The analysis requires a lot of input data (e.g. difficult to obtain from road managers and maintenance companies).
2. In practice, designers lack knowledge on the technology of repairs to road safety devices and the associated costs. In addition, estimating the costs at the social, administrative and economic design stage is a difficult task.
3. There are no reliable data on the maintenance and use of road safety devices due to the fact that the majority of road managers do not have a suitable method for systematic data collection. There are no accurate models of road structure aging to take account of progress of civilization (including increasing annual volumes of traffic) [11] or to consider changes in the cost calculation.
Conclusions
The analysis of the literature and the authors' own experience justify the conclusions, statements and recommendations stated below.
1. The use of LCC at the concept stage, when defining and designing road safety devices is a great opportunity to reduce costs over the life cycle. Due to the lack of information regarding costs of operation and liquidation of a given type of road safety device, further research conducted by the authors includes creating a database of road maintenance costs on the basis of information obtained from road managers and entities responsible for carrying out maintenance work on roads.
2. As indicated in practice one of the reasons for increasing the operating costs of road safety devices is that road managers and maintenance companies apply the old technology and incompatible solutions. If incorrectly selected, the technology increases the cost of repairs and traffic congestion. The rational solution is to use a technology that offers a low replacement cost. It is therefore necessary to analyse the use of barriers with different initial outlays and the cost of repair and maintenance.
3. Despite numerous constraints (such as determining the individual components of costs requires conducting field, laboratory and simulation research), LCC analysis can be applied to assess the effectiveness of variants of the purchase of new equipment or upgrading existing road safety. It provides transparent information about the possible consequences of solutions, including, among others, cost, lifetime and reliability of the road safety device parameter.
